ABSTRACT The balance between genetic modification and welfare may be as old as the chicken and egg debate. Meeting welfare needs of farm animals has become an integral part of animal agriculture. Until recently, environmental and management modifications have been the methods of choice for meeting welfare needs of animals. Genetic selection has improved growth, livability, and general welfare, but some aspects of welfare like metabolic disorders, susceptibility to some diseases, and skeletal problems have increased. Genetic variability in behavioral and physiological traits relating to welfare exists thus raising the possibility of selecting for welfare-related traits. Advances in molecular biology have also made it possible for the identification of QTL for behavioral and welfare traits. Identification of causal or associative genes for welfare traits and improved biotechnology tools raises the possibility of either selecting for improved welfare or genetically modifying birds to suit the commercial production environment. An integration of management, genetics, and genomic tools should be employed to genetically improve production and welfare traits with concurrent welfare risk assessments to address public and consumer concerns.
ARGUMENTS FOR AND AGAINST GENETIC OR PRODUCTION ENVIRONMENT MODIFICATIONS TO IMPROVE WELFARE
The economic goals of current animal production systems have embraced animal well-being and welfare. Farm animals are constantly responding to climatic and farm environmental changes (Cheng, 2010) . Until recently, environmental and management modifications have been the methods of choice for meeting welfare needs of animals. Chicken have the ability to adapt to these changing environments, natural or artificial (Cheng, 2010) . However, from a production point of view, animals would have some limitation in adapting to some aspects of their production environment. Genetic selection over the past 50 yr has improved growth, livability, and general welfare, but some aspects of welfare (e.g., metabolic disorders, susceptibility to some diseases, and skeletal problems) have increased. Several reports have demonstrated genetic variability in behavioral and physiological traits relating to welfare, thus raising the possibility of selecting for welfare-related traits (Cheng et al., 2001a,b) . However, selection for efficiency of growth in broilers has also reduced emission of carbon-nitrogen footprints (methane, ammonia, and nitrous oxide) by about 23% in the past 20 yr (Williams et al., 2006) . According to Katanbaf and Hardiman (2010) , there should be a balance between selection for traits of economic importance and traits that confer fitness and well-being. Additionally, any long-term sustainable breeding program should not focus only on short-term returns but also biological needs of the animals. However, Thompson (2010) points out that although genetic changes may score well with veterinary and psychological well-being, they also modify natural behavior of a species; thus, modification of a natural behavior by itself is a decline in well-being.
From a group selection experiment, Muir and Craig (1998) selected for kind and gentle birds (KGB) with mean and bad birds (MBB). Cheng (2010) showed that KGB had significantly low mortality, higher longevity, and higher egg production compared with MBB. Feather pecking was significantly higher in MBB compared with KGB. In addition, KGB has significantly lower plasma serotonin, epinephrine, and dopamine compared with MBB (Cheng et al., 2001a,b) . These neuromolecules respond to stress to regulate blood levels of corticosterone (Kuenzel and Jurkevich, 2010) .
INDUSTRY PERSPECTIVE: HOW TO INCORPORATE SCIENCE FROM OPPOSING ARGUMENTS AND STILL STAY IN BUSINESS
Primary breeding companies develop several broiler and layer strains for different markets. The choice of strains in a particular market mostly depends on demands of customers and consumers. As a result, the primary breeding companies have factored consumer concerns into the way they breed strains for the markets. About 50 yr ago, selection was based on a handful of traits (e.g., growth, egg number, egg weight). Today, breeders collect over 50 traits, most of which are related to health and welfare (Avendano and Emmerson, 2009; O'Sullivan, 2009; Katanbaf and Hardiman, 2010) . Industrial breeders maintain large breeding populations in different locations and currently employ noninvasive technologies (x-ray scanners, oximeters) to collect phenotypic data on skeletal and physiological traits. Such data have led to a significant improvement in motor ability and reduced cardiovascular syndromes like ascites and sudden death syndrome.
In the layer industry, greater emphasis is put on efficiency, and modern birds are bred to live longer, produce more first-quality eggs, have a better egg weight profile, retain their feathers, have better temperament, and most significantly, consume less feed (O'Sullivan, 2009). The low mortality is highly correlated with fewer off-grade eggs and better body condition scores. Layers have been selected for egg production and quality, shell strength, and livability. Livability is a complex trait that varies at different parts of the bird's life cycle. For example, livability during the growing phase of a bird's life cycle is different from livability during the laying cycle, and they could be governed by different sets of genes. In recent times, layer breeders have also concentrated on disease resistance with associated low mortality and morbidity levels, which have positive effects on chicken welfare (O'Sullivan, 2009).
The turkey industry has employed welfare indicators and audits to identify what is important for turkey wellbeing. Wood (2009) has identified mortality, footpads, leg problems, genotype × environment interactions, and behavior as the main welfare issues in turkey breeding. Even though there is some genetic variation for mortality (McKay et al., 2000) , strict economic breeding objectives including mortality do not seem to work and other economic incentives are needed to reduce mortality (Wood, 2009 ). Some of the walking problems can be attributed to genotype × environment interaction as birds are selected in one environment and commercially raised in a different environment. Such problems can be ameliorated through changes in management practices.
Footpad issues can be reduced significantly when an appropriate scoring mechanism is developed for use in selection.
THE SOLUTIONS
Some aspects of poultry welfare and well-being are more emotional and cultural than scientific. For example, the California's proposition 2 that passed in 2008 states that it is criminal to confine hens to cages. Muir and Nguyen (2009) ask 3 questions: 1) are battery cages cruel? 2) how do you prove or disprove?, and 3) where does science fit in? Muir and Nguyen (2009) advocate for new science-based methods to determine stress and well-being of farm animals and examine physiological mechanisms associated with stress and aggression resulting from or alleviated by domestic selection or production, or both, environmental stressors.
Many welfare-related traits have low to modest heritability. The large environmental variability associated with such traits requires the development of reliable and repeatable methodologies to accurately measure these traits. Developments of microarray and SNP chip technology allow for identification of genes and genetic markers associated with some of the difficult-to-measure low heritability traits. The current 60K SNP chip has allowed primary breeders to identify informative markers and provided new genotypes to be included in selection programs to enhance poultry welfare (Avendano and Emmerson, 2009; Katanbaf and Hardiman, 2010) . Muir and Nguyen (2009) compared differential gene expression between aggressive and nonaggressive birds to assess changes in pathways associated with innate differences and physiological coping mechanisms. They observed that serotonin, dopamine, olfactory receptor 4, and heat shock protein 40 (Hsp40) are among the genes that were highly differentially expressed among the 2 groups of chickens. Microarray presents a new holistic tool to assess well-being because it allows for multiple indicators such as biological processes, genetic and environmental effects to understand the physiological mechanisms related to domestication, coping behavior, and stress.
Identification of QTL for some welfare-related traits raises the possibility of employing innovative technologies (e.g., microarray and proteomics) to identify welfare-related genes and incorporate them into selection programs. Such genomic approaches should curtail the need for their measurement in the short-term (Beaumont et al., 2010) . But when welfare and profitability are closely associated with each other, then consideration should be given to the balance between them because improving welfare can then improve profitability (Wood, 2009) . However, introducing welfare-related traits into breeding goals may be a challenge because of varying definitions of welfare (Avendano and Emmerson, 2009 ), which could depend on specific markets, legal considerations, and sociocultural perceptions. According to Muir and Nguyen (2009), a scientific-based method could be used to assess management methods for well-being, which would require agreements among experts but could also be controversial. Nevertheless, animal welfare is not only a scientific or commercial producer's concern but public acceptance is equally important. Therefore, an integration of management, genetics, and genomic tools should be employed to genetically improve production and welfare traits with concurrent welfare risk assessments to address public and consumer concerns.
